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Abstract
This paper proposes effects of wind angles and wind speeds on capability of voltage generation of a savonius wind turbine with
double wind tunnels. The savonius wind turbine under the study was designed to convert wind flows with opposite directions, 
such as wind flows due to the movement of vehicles that could be seen at the isles, into electricity. The prototype wind turbine 
had both diameter and height of 32 cm and had its shaft connected to an electric DC generator. Two tunnels with input and output 
wind areas of 1,980 and 782 cm2 each were used to increase wind speeds by 2.5 times for the turbine. The experimental results 
showed that the wind angles between 23.2 – 35.5 degrees provided high levels of generated voltages when the wind angle of 30 
degrees provided the highest voltage among the wind angles of 0-90 degrees. The faster the wind speeds, the higher levels of 
generated voltage, i.e. the wind turbine generated peak voltage between 7.28-11.28 volts for the wind speeds between 4.86-6.41 
m/s. In addition, the savonius wind turbine with double tunnels could generate output voltage at almost all the wind angles (60 to 
-75 degrees) whilst the conventional savonius wind turbine without tunnels could generate voltage only in the wind angle range 
of 17-38 degrees, as well as, with higher voltage levels for all wind speeds approximately by 45-68%.
© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Organizing Committee of iEECON2016.
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1. Introduction
Wind is one of the most attractive renewable energy resources for electricity generation due to no fuels required, 
less installation space and possibility of day and night time electricity generation [1]. Besides natural winds, there 
are some winds that could be generated from moving parts such as vehicles on the streets. Several research papers 
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were taken efforts to convert these kinds of the winds to generate electricity; especially, the winds that exist on the 
street isles due to possibility to utilize wind generated by the moving vehicles from both directions of the street [2]-
[3]. Unfortunately, these kinds of winds are turbulent and have unexpected amount of power. Therefore, only 
specific types of wind turbines would suitable for converting these kinds of winds into electricity.  
Base on the previous research [4], the vertical axis wind turbines would be the best options due to their capability 
of withstanding turbulence and possibility of rotating easily with low wind speeds. There are 2 main types of vertical 
axis wind turbines: Darrius wind turbines and Savonious wind turbines [5]. Darrius wind turbines would have higher 
power coefficient (Cp) of 0.2-0.4 compared to Savonius wind turbines with Cp of 0.1-0.2. However, Savonius wind 
turbines would be able to rotate easier even with very low wind speeds of 1.4 m/s compared to the Darrius wind 
turbines of 3-7.5 m/s, as well as better withstanding turbulence winds. As a result, Savonius wind turbines would 
provide more advantages for converting wind flows on isles into electricity.      
In this paper, the Savonius wind turbines with additional two wind tunnels is proposed. The additional wind 
tunnels are used to increase wind speed and thus increase eventually power coefficient of the turbine. Detailed 
structure of the proposed turbine is presented. Effects of wind angles and wind speeds on capability of voltage 
generation of the proposed turbine are investigated and examined. The experimental results were used to verify 
feasibility of the proposed Savonius wind turbine. 
2. The Proposed Wind Turbine Structure 
Fig. 1 shows structure of the proposed savonius wind turbine with double wind tunnels. The savonius wind 
turbine with 2 C-shape, 0.35mm thickness blades, a diameter of 32 cm and height of 32 cm was used for this 
investigation. Each wind tunnel had input and output wind areas of 1,980 cm2 and 782 cm2, that could increase wind 
speed before attaching the turbine’s blades by 2.5 times. The shaft of the turbine was connected to a 28W, 140V DC 
generator. The wind turbine prototype was tested with low level wind speeds in a range of 4.86-6.41 m/s (average 
wind speed range for province).  
 
      
(a)                 (b)                    (c) 
 
Fig. 1. (a) savonius wind turbine alone; (b) and (c) savonius wind turbine with double wind tunnels 
3. Experimental Test Setting 
Fig. 2 shows the settings of the tests used to study the effects of wind angles and wind speeds on the proposed 
savonius wind turbine with double wind tunnels. The test-rigs were divided into 2 rigs: a conventional savonius 
wind turbine and the proposed savonius wind turbine with double wind tunnels. The wind was generated from two 
electric fans that provided wind speeds of 4.86, 5.63 and 6.41 m/s, which represented average wind speeds on most 
streets in Thailand [6]. The wind sources were moved toward distance α (20 and 60 cm) that created the wind angle 
between 15.9 and 40.6 degrees. For the proposed, the angle of tunnels (θ) was also investigated in the range of -90 
and 90 degrees in order to observe the best angle of the tunnels that generated maximum output voltage. 
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Fig. 2. Diagrams of experimental setting: (a) for conventional turbine and (b) the proposed turbine 
4. Test Results 
Fig. 3 and Fig. 4 show the results obtained from the test-rig described in Fig.2. It can be seen in Fig.3 that output 
voltage levels generated from the proposed wind turbine will increase if wind speed increase (i.e. 6.21 and 9.52 V 
for wind speed of 4.86 and 6.41 m/s). The generated voltage levels varies dependent on the wind angle and reach 
high level in the wind angle range of 23-34 degrees and maximum at 32.7 degrees with generated voltage of 9.52V. 
When fixed the wind angle to 32.7 degrees and varies tunnel angles as shown in Fig. 4, it can be seen that generated 
voltage levels will also varies dependent on the tunnels angles. The proposed turbine can generate high voltage level 
between the ranges of (0 to 45) and (-30 to -75) degrees.  
 
 
 
Fig. 3. Experimental results: generated voltage of the proposed wind turbine at different wind angles 
 
 
 
 
Fig. 4. Experimental results: generated voltage of the proposed wind turbine at different wind tunnel angles 
 (where wind angle is fixed at maximum; 32.7 degrees) 
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When comparing generated voltage between the proposed and conventional savonius wind turbine as shown in 
Fig. 5, it can be seen that the proposed could generate voltage with higher levels for all the wind angles 
approximately by 45-68% in average. These results would confirm the better performance of the proposed turbine 
compared to conventional one.   
 
 
 
Fig. 5. Experimental results: comparison of generated voltage levels at different wind angles (when wind tunnel angle at 30 degrees) 
 between the proposed and conventional wind turbines. 
5. Conclusions 
This paper proposed effects of wind angles and wind speeds on capability of voltage generation of the proposed 
savonius wind turbine with double tunnels in comparison to the conventional one. The experimental results shown 
that the proposed turbine could generate high voltage only within the specific wind angle range. The tunnel angles 
also affects on capability of voltage generation, which provides high voltage levels within two tunnel ranges. The 
proposed turbine provides higher generated voltage levels for all wind angles compared to the conventional savonius 
turbine. 
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